This study examined the effect of massed practice in balance recovery of stability in six children (four males, two females; mean age 9 years 2 months, SD 2 years, range 7 years 5 months to 12 years 11 months) with cerebral palsy (CP). Four children were diagnosed with spastic diplegia (Gross Motor Function Classification System [GMFCS] level II) and two with spastic hemiplegia (GMFCS level I). A single-subject, multiple-baseline experimental design involving three pairs of children matched for diagnosis was used. A moveable forceplate system was used to test and train reactive balance control. Area per second (i.e. area covered by the center of pressure over a one second period) and time to stabilization from center of pressure measures were calculated following perturbations. The intervention phase consisted of massed practice on the moving platform (100 perturbations/day for 5 days). Analysis included hierarchical linear modeling and a repeated measures ANOVA. All children demonstrated a significant improvement in their ability to recover stability as demonstrated by reduced center of pressure area and time to stabilization following training. These improvements were still present 30 days following completion of training. Results suggest that postural control mechanisms in school-age children (7 to 13 years) with CP are modifiable.
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Cerebral palsy (CP) is a developmental disability characterized by delayed motor milestones and impaired motor control. It is one of the most common movement disorders in infancy, occurring in 2 of every 1000 children in the USA (Paneth and Kiely 1984, Gage 1991) . Neuromuscular deficits noted in CP include the loss of selective motor control, abnormal muscle tone leading to an imbalance between agonist and antagonists muscles, impaired coordination, sensory deficits, and weakness (Gage 1991) . A major factor contributing to functional deficits is poor postural control.
Impaired postural control limits a child's ability to recover from unexpected threats to stability, referred to as reactive balance control. Impaired postural control in children with CP has been shown to result from multiple factors: musculoskeletal problems, including contractures, reduced range of motion, and shifts in initial alignment, all affect reactive balance control in children with CP. Other motor components include the disruption of the spatial and temporal aspects of postural muscle responses during the recovery of stability following an unexpected external perturbation (Nashner et al. 1983 , Burtner et al. 1998 . The onset of postural muscle activity in children with CP is delayed compared with typically developing children. In addition, the sequencing of multiple muscle action is impaired and there is a high level of coactivation of agonist and antagonist muscles at a joint (Nashner et al. 1983 , Burtner et al 1998 . Difficulty in organizing redundant sensory cues for posture control is another source of instability in children with CP (Nashner et al. 1983 , Cherng et al. 1999 .
Finally, researchers have shown a reduced ability in children with CP to adapt the sensory and motor components of postural control to changing task and environmental demands (Nashner et al. 1983 , Burtner et al. 1998 ). These postural control impairments affect the ability of children with CP to respond to threats to balance efficiently and effectively .
The relation between impaired balance and functional limitations has meant that a major focus of many intervention programs in children with CP is to improve postural control, thereby enabling the child to recover stability more effectively (Pape et al. 1993 , Hur 1995 , Butler 1998 , Park et al. 2001 . However, there is limited evidence available to show that specific training targeting the postural control system improves the efficiency and effectiveness of reactive balance control in this population.
There is evidence to suggest that in typically-developing children massed practice on a moveable platform improves the ability to recover stability in response to external threats. This ability has been shown to be important in the development of postural responses in children just beginning to stand. Sveistrup and Woollacott (1997) examined the effects of 3 days of intense reactive balance training on the ability of typicallydeveloping children to activate three groups of muscles in the leg and trunk that work together to restore balance in response to platform perturbations. Children in the training group were given extensive reactive balance training on the moveable platform consisting of 100 perturbations per day over a period of 3 days. Results indicated a significant increase in the probability of activating the three-muscle postural response synergy; and the response was better organized following training.
Research by Sveistrup and Woollacott (1997) provides quantitative evidence for the effect of massed practice in reactive balance control on the orgzanization and efficiency of postural responses to balance threats in children who are typically-developing. However, the applications of these findings to children with CP is unknown. Thus the purpose of this research was to examine the effect of massed practice using a moving platform on recovery of stability in school-age children with CP. We hypothesized that the amount of time required to recover stability following a balance threat and the mean area of center of pressure movement per second during balance recovery would be reduced in these children as a result of training. We also hypothesized that these improvements in reactive balance control would be maintained at one month following the end of training and that the type of CP would predict the level of performance at baseline and level of improvement. Lastly we proposed that the children with spastic hemiplegia would have high baseline performances in the dependent measures and would show greater improvements following training than the children with spastic diplegia because the intact side would facilitate motor learning.
Method

PARTICIPANTS
Six children with CP (four males, two females; mean age 9 years 2 months, SD 2 years, range 7 years 5 months to 12 years 11 months) were recruited from local schools and children's therapy programs in the Seattle area of Washington State, USA. Four children had a diagnosis of spastic diplegia and two were diagnosed with spastic hemiplegia. Inclusion criteria were: (1) to stand independently for at least 30 seconds; (2) to walk independently with or without an assistive device; (3) no uncorrected vision or hearing impairments; and (4) to understand experimental procedures and give informed assent.
The four children with spastic diplegia were rated as level II on the Gross Motor Function Classification System for children with cerebral palsy (GMFCS; Palisano et al. 1997) . They were able to walk independently in and outdoors. They experienced limitations in walking on uneven or inclined terrain and in distracting environments and had limitations in their ability to run or jump. The two children with spastic hemiplegia were rated GMFCS-CP level I. While they experienced some limitation in speed and coordination of movement and balance their gross motor abilities were above those children with diplegia. Table I provides a summary of demographic information for all six participants including sex, gestational age, age at testing, type and severity of CP, and range of motion limitations in the lower extremity. Also shown is a list of the previous medical procedures and current schedule of therapies (both provided by parental report).
Approval for this study was obtained from the University of Washington Human Subjects Review Committee. Written informed consent was obtained from the parent(s) of each participant. Informed assent was obtained from the children.
INSTRUMENTATION
A moveable forceplate system (NeuroCom ® International, Inc, Oregon, USA) was used to test and train reactive balance control. The system consists of two platforms that were embedded in a larger stationary platform. Each plate was controlled by an electric motor and forceplates were coupled together. Each plate contained four strain gauges, one in each corner of the plate surface to measure vertical (Fz), horizontal (Fx), and medial lateral (Fy) ground reaction forces on each plate. Analog force platform data were collected using a data acquisition system custom designed by a team member (RP). Measurement of sway was performed on unfiltered force platform data collected at a sample rate of 100Hz over a period of 10 seconds. Using additional software (custom created by RP) the area of sway per second was calculated by summing the incremental area enclosed by the points bounded by the centroid of the center of pressure distribution (Eq 1) and two sequential instantaneous center of pressure points (Eq 2 below):
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592 A perturbation to balance was given to the standing participant by a horizontal forward or backward translation to the forceplates (3cm amplitude, 12cm/s velocity). Custom software was designed to calculate time to stabilization and center of force (area per second). Time to stabilization was determined by visually examining the movement of the center of pressure at 250ms increments. Time to stabilization was defined as a constant position of the center of pressure within a 5×5mm square for a period of 500ms.
MEASUREMENT
Laboratory measures
Laboratory measures of reactive balance control included a calculation of area and time to stabilization from center of pressure measures following a perturbation on the force platform. Throughout the study, force platform data (center of pressure area and time to stabilization) were used to collect 'probe data' (data collected on a regular basis in order to examine change over time) which established repeated measures of the dependent variable across time (Horner and Baer 1978) . Probe sessions were conducted before training (baseline probes), before daily training sessions (intervention probes), and following training (posttest probes). A probe session consisted of measurement of the dependent measures (center of pressure area and time to stabilization) during five forward and five backward perturbations (3cm, 12cm/s). During testing and training sessions participants stood barefoot on the balance platform, were secured to an overhead harness, and were guarded by an observer for safety. Children were instructed to try and remain standing in one place without reaching for the grab bar or the observer during the platform movements.
Clinical measure
Dimension D (Standing) of the Gross Motor Function Measure (GMFM; Russell et al. 1993 Russell et al. , 2000 was used as a clinical measure of motor function. Scoring for the GMFM is based on a 4-point Likert scale. The dimensions each have equal weight of 20% and a subscore for each dimension can also be calculated. The total points possible for dimension D of the GMFM is 39.
PROCEDURE
A single-subject, replicated-multiple-baseline experimental design was used with three pairs of diagnosis-matched children. With this design each child was measured repeatedly within three phases of the design: baseline, intervention, and maintenance. Data were analyzed for changes in trend, level, and variability to determine if a relation existed between the intervention (massed practice) and the measured behavior (recovery of stability as measured by center of pressure measures including area/s [mm] and time to stabilization [s] ). In this design, each child served as their own control (Horner and Baer 1978) . By matching the children according to similar age and diagnosis and then staggering the training phase of the experiment, internal validity was strengthened (Kazdin 1982) .
Before training, children participated in two or three sessions in order to collect baseline data related to the dependent measures. Two children matched by similar age and diagnosis began the study simultaneously. In the first week of the experiment, the first child underwent 2 days of baseline assessment and then in the second week began 5 days of training. The second child in the matched pair participated in a delayed intervention protocol. This included two baseline assessments during the first week and a third baseline assessment on the day in which the first child concluded training. Child 2 then began the 5 days of training. Thus the start of the intervention in the two pairs of children was staggered in time. This resulted in a longer baseline for the second child, documenting that the dependent measures were not changing over time and with repeated testing. Changes in dependent measures when the intervention was introduced could then be attributed to the intervention rather than extraneous results, such as repeated testing or development. Both children received posttest evaluations (laboratory and clinical) immediately following training and then again 30 days following training in order to examine the retention of changes. This design was then replicated with two more pairs of children.
The intervention phase consisted of 5 consecutive days of platform training. The children were exposed to 100 perturbations at approximately four to six perturbations per minute. The perturbations consisted of forward and backward translations (3 to 6cm) at velocities that ranged randomly between 12 and 24cm/s. The children stood on the platform wearing a safety harness and watched an age-appropriate videotape during the training. Rest breaks were taken approximately every 20 to 25 perturbations. The training sessions were run by one of the coinvestigators (SH).
ANALYSIS
Visual analysis
Probe data points for both sway area per second and time to stabilization were recorded on a graph. Means (SDs) were plotted for each session. Using Kazdin (1982) and Franklin et al. (1996) criteria for visual inspection, these data were inspected for dramatic intervention effects by examining each phase for changes in magnitude and in the rate of change.
Changes in magnitude are seen as changes in the mean and in the level of graphed data points across phases. A change in the mean per phase is indicative of 'shifts in average rate of performance'. A change in level appears as a shift of performance from the end of one phase to the beginning of the next (Kazdin 1982) . The latency of change refers to the period between the onset or termination of one condition and changes in performance (Kazdin 1982) . In addition, the variability of probe data points, both within each phase and between phases, the stability of the baselines, and the overlap of probe data points between phases were analyzed through visual inspection.
Percentage change in mean probe data from one phase to another was calculated. Overall improvement in performance was determined by calculating the percentage change in dependent measures from the baseline phase to the first posttest assessment. Initial effects of the intervention were determined by comparing the percentage change in the dependent measures from baseline to the second day of training. The percentage of change from training day 1 to training day 5 was used as an indicator of a within training effect. Finally, retention was determined by calculating the percentage change from the immediate posttest to the 1 month posttest assessment.
Statistical analysis
Statistical analysis of single-subject data was used as an adjunct to the visual analysis. Two types of analyses that are complimentary to each other and appropriate for the analysis of longitudinal probe data were applied.
First, hierarchical linear modeling was used to analyze individual trajectories of change for both the center of pressure area and time to stabilization data at each measurement occasion over the time spanning the three phases of the design (baseline, intervention, and maintenance). Separate hierarchical linear modeling analyses were performed for each of our dependent variables (center of pressure area and time to stabilization). For the current study, hierarchical linear modeling allowed us to predict how values for our quantitative dependent variables might change over time and phase as a consequence of balance training. In addition, it allowed us to associate that change with variance in multiple factors measured on two levels simultaneously. On the first level the single within-subjects factor time (or phase of the study) modeled change in scores for the dependent variables much as a repeated measures analysis of variance (ANOVA) or linear regression would. On the second level, unlike an ANOVA or regression analysis, hierarchical linear modeling allowed us to consider simultaneously the influence of between-subjects factors (i.e. number of days in baseline conditions, age, and severity of motor problems) to model variability in the slope and intercepts of the first level, i.e. within-subjects factor. These analyses were performed with hierarchical linear modeling for Windows (version 4.01.01).
Second, two repeated measures ANOVAs (one for each dependent variable) were used to confirm the results from the first level analysis of the hierarchical linear modeling procedure as well as to estimate the effect size associated with the factor 'time' or phase of the study. This ANOVA was performed with SPSS for Windows, (version 11.0). The alpha level for the determination of statistical significance was p<0.05.
Results
This research examined changes in center of pressure area and time to stabilization before, during, and following 5 days of intensive balance training on a moveable platform in six school-aged children with CP in order to investigate the effects of massed practice on the ability to recover from an external threat to standing balance.
The first issue to be addressed was whether a functional relation exists between reactive balance training and improvements in balance. In a multiple baseline design the effects of the intervention are examined and then reproduced by subsequent participants. The experimental criterion for visual analysis is met by demonstrating a minimum of three participants' shift in performance at three points in time. Data presented below reveal shifts in balance performance in all six children participating from baseline to intervention and maintenance. For simplicity, the data are also shown collapsed across phases for each participant in Figure 3 . Data shown were calculated by taking the mean of the area/s measures for each session and then calculating the mean area/s score for the entire phase. Thus each child has three points representing mean area/s during baseline, intervention, and posttest phases associated with recovery of stability following a forward sway perturbation (Fig. 3a) and a backward sway perturbation (Fig. 3b) . variability of performance among the six children before training. Thus the mean baseline measure varied from a high of 1250mm for Dip4 (child 4 with spastic diplegia) to a low of 705mm in Dip2 (child 2 with spastic diplegia), with a group mean of 936mm SD 245mm).
Baseline phase
Intensive massed practice -intervention phase
Changes in center of pressure area associated with the intensive massed practice on the moving platform can be visually analyzed in relationship to the overall magnitude of effect, the initial effect, and the within-training effect. The magnitude of the effect of training on center of pressure area can be seen in Figures 2 and 3 . The area/s measure is much higher in the baseline sessions compared with the intervention sessions. All children had a substantially reduced center of pressure area associated with recovery from an external perturbation. Initial, within, and total training effects, expressed as percent change in center of pressure for each child are presented in Table II . An initial effect of training was determined by calculating the percentage reduction in center of pressure area from baseline to training day 2. All children showed an initial effect although the magnitude of the effect varied greatly among the children. The average improvement was a reduction of 37% (SD 29%) and the range for initial effect decreased from 8 to 83%. The greatest initial effect was seen in the two children with spastic hemiplegia.
A within-training effect was determined by calculating the percentage reduction in center of pressure area from training day 1 to day 5. Mean within-training effect was a decrease in center of pressure area of 42% (SD 19%); the range was 16 to 65%. The children with spastic hemiplegia, who had the highest initial effects, had the lowest within-training effects. The four children diagnosed with spastic diplegia had the lowest initial effects and the highest within-training effects. change at the beginning of training (large initial effect), followed by little additional improvement throughout the training phase (no within-training effect). The second pattern was a small immediate change (small initial effect) followed by gradual or continual change throughout the training phase (continued within-training effect). The two children with spastic hemiplegia demonstrated the immediate change pattern. In contrast, change in the four children with spastic diplegia was characterized by a more gradual pattern.
Patterns of change
Retention of effects
Effects of training were examined immediately (P1) and again 30 days (P30) after the completion of training in order to determine retention. A comparison of center of pressure area (mm) at baseline, P1, and P30 for forward and backward sway perturbations are shown in Figures 5a and b . Data for individual pairs of children are shown followed by group data on the far right of the graph; all are expressed as mean change in center of pressure. In the immediate posttest session the children with CP decreased their sway area in response to a forward sway perturbation by a mean of 65% (936mm to 313mm) in reference to the baseline value. Decreases ranged from 77 to 53%. In response to backward sway perturbations, center of pressure area decreased by a mean 64% (1032mm to 374mm), with a range of 33 to 74%. At the 30-day posttest assessment one child was unavailable for retesting. Of the remaining five all had retained improvements gained from training. In response to the forward sway perturbations there was a 60% (936mm to 347mm) mean decrease in center of pressure area 30 days after training compared with baseline with a range of 49 to 65% decrease. Retention of improvements 30 days following training was seen in the response to backward sway perturbations as well, with a mean decrease of 57% (1032mm to 372mm) and a range of 23 to 84%. (Fig. 3a) and a backward sway perturbation (Fig. 3b) . 
Results of the hierarchical linear modeling analysis
Mean backward sway pressure area. The following is a regression equation that represents main and interaction effects explored with the Level 1 hierarchical linear modeling model: Y=b 0 + b 1 (baseline day) + b 2 (intervention)+b 3 (maintenance) +b 4 (interaction 1) + b 5 (interaction 2) +R, where Y is the predicted area at the end of the intervention, b 0 is the mean center of pressure area at the first baseline measurement, b 1 (1=1.5) is the slope of the corresponding term, and R is random error. Results of this Level 1 analysis are shown in Table III . The reliability of coefficients for intercept and slope for all five Level 1 variables (baseline days, treatment, maintenance, day/treatment interaction, day/maintenance interaction were strong (reliability estimate >0.7). In addition, the Level 1 analysis revealed there was no effect of the baseline day variable indicating that there was no change in center of pressure area associated with the passage of time during the baseline phase. However, the analysis revealed an effect for the intervention on area measures in the maintenance phase (b=-681.67, p=0.095). Thus training had a significant effect on the outcome variable (center of pressure area) during the maintenance phase of the study. An estimation of inter-participant variability in all components of the Level 1 analysis indicated statistically significant variability in individual slopes for all main effects and interactions with the exception of the training slope. This is consistent with the finding that there were distinctly different patterns of improvement that emerged during most phases of the project. Level 2 analysis examined whether the number of days in baseline, age of the child, or level or severity (based on GMFCS-CP classification) had an effect on the Level 1 intercept and slopes. None of the Level 2 factors had significant influence on the Level 1 intercept or slopes (data not shown). In other words, the number of days spent in baseline, age, and severity of motor problems had no influence on the mean center of pressure area at baseline nor on the effects of baseline, training, maintenance phases, and the day × training and day × maintenance interactions.
Results from the hierarchical linear modeling analyses were supported by results from the repeated measures ANOVA. Two planned comparisons of differences in center of pressure area scores were performed. The first comparison examined change in area between pre-intervention measures (the mean of multiple measures -referred to as 'pre') and the post-intervention measure at P1. The second examined change in area between pre-and the post-intervention measures at P30. For center of pressure area, the comparison of pre (mean 934, SD 248) with P1 (mean 313, SD 82) was statistically significant (F (1, 5) =38.78, p<0.01) , and the proportion of variance explained was η 2 =0.89. Also for area, the comparison of pre (mean 871, SD 216) with P30 (mean 348, SD 48) was statistically significant (F (1,4) =43.26, p<0.01) , and the proportion of variance explained was η 2 =0.92. These analyses confirmed the effects of training on center of pressure area/s and support the visual analysis suggesting that improvements in the ability to recover from an external perturbation were maintained 1 month after training was completed. indicated by time to stabilization of the center of pressure, were similar to those related to center of pressure area. Figure 6 graphically displays the mean for the time taken to recover stability following a forward perturbation in the baseline, intervention, and maintenance phases of the study for each child. As was true for the area data, all of the children demonstrated a substantial decrease in time taken to recover from an external perturbation to stance balance following training.
BASELINE PHASE
Before training the mean time taken to recover from an external perturbation was 4.08 seconds (SD 0.52), with a range 3.55 to 4.89 seconds. As was true for the area measure, time to stabilization did not significantly change during the baseline phase for any child. INTERVENTION PHASE During the intervention phase the overall mean of time to stabilization decreased to 3.21 seconds (SD 0.27), with a range of 2.95 to 3.54 seconds. All children showed at least a slight decrease in time taken to recover stability following a perturbation by the second training session, an indicator of the initial effects of training. Mean per cent improvement was 27%; the range was 9 to 38%. The child (Hem2) with the smallest initial effect (9%) had the greatest (36%) change for the within-training effect.
Throughout the training phase five of the six children continued to show reductions in the time required to regain stability in response to a platform perturbation. This was indicated by a continued decrease in time to stabilization from the first training session (T1) to the final training session (T5): mean change was 17% (SD 16%); range of improvement was from 0 to 36%. Two children had relatively minor within-training effects with improvement of 3% (Hem1) and 6% (Dip2). The child (Hem1) with the 3% change during the training had the highest improvement (38%) for initial effect. One child (Dip4) had no within-training effect. His initial effect demonstrated improvement of 23% and he made no additional improvement in time to stabilization throughout the training. In contrast to the changes in area/s data, analysis of changes in time to stabilization did not reveal distinct patterns of recovery.
Retention
In the immediate posttest session the five children with CP who were tested (one was unavailable) decreased the time to stabilization in response to a forward sway perturbation by a mean of 34% (4.08 to 2.7 seconds); range was from 24 to Fig. 5a ) and backward sway (Fig. 5b) 45%. As was true for center of pressure area, improvements in the time to stabilization were still present 30 days after the completion of training. In response to the forward sway perturbations there was a 24% mean decrease in time to stabilization compared with the baseline (4.08 to 3.01 seconds) with a range of 18 to 39%. Retention of improvements 30 days following training was also seen in the backward sway perturbations (data not shown).
Hierarchical linear modeling analysis
Results of the hierarchical linear modeling analysis for the time to stabilization measures were consistent with the area analysis (Table IV) . Reliability estimates for the intercept and slope for all five Level 1 variables was moderate to strong (0.53 to 0.65). The Level 1 analysis revealed no significant effect of time between baseline measurements on the time to stabilization measure. The analysis revealed an effect for the intervention (b=-1.72, p=0.07) on time to stabilization measures in the maintenance phase. Thus training had a significant effect on the outcome variable time to stabilization during the maintenance phase of the study. In contrast to the hierarchical linear modeling analysis for center of pressure area, estimation of variability in all components of the Level 1 analysis for time to stabilization indicated little variability in slopes for main effects and interactions with one exception: there was significant variability (χ 2
(1,6) =3.41, p=0.06) in individual slopes during the training phase. Consistent with the hierarchical linear modeling analysis for the area outcome, there was no effect of age nor severity on the time to stabilization outcome.
Results from the repeated measures ANOVA on time to stabilization were also consistent with those from the area analysis. For time to stabilization, the comparison of pre (mean 4.08, SD 0.52) with P1 (mean 2.7, SD 0.39) was significant at F (1,5) =48.35, p<0.01, and the proportion of variance explained by this comparison was η 2 =0.91. Also for time to stabilization, the comparison of pre (mean 4, SD 0.54) with P30 (mean 3.01, SD 0.19) was significant at F (1,4) =19.08, p<0.05, and the proportion of variance explained was η 2 =0.83.
RELATION BETWEEN CENTER OF PRESSURE AREA AND TIME TO STABILIZTION MEASURES
During each of the individual phases of the study (baseline, intervention, and maintenance) there was essentially no correlation between center of pressure area and time to stabilization measures (r=-0.11; p=0.694) . During recovery of stability following an external perturbation, a slow time to stabilization was not always related to a large center of pressure area.
CLINICAL MEASURE: DIMENSION D -GROSS MOTOR FUNCTION
MEASURE
Dimension D of the GMFM was administered at baseline testing and at the immediate post-training testing session for five of the six children participating. The number of trials given on individual items varied but did not exceed three attempts, in accordance with the administrative guidelines of the GMFM (Russell et al. 1993) . Performance on Dimension D of the GMFM was quite varied and data are summarized in Table V .
Four of the five children showed improvements or no change in their performance on the GMFM Dimension D, from baseline to P1. One child (Hem1) demonstrated no change in the GMFM, scoring 97.44% of the total points possible for both administrations of the dimension. Another child, with spastic diplegia (Dip4), demonstrated a decline in performance from baseline to P1. The per cent score at baseline was 89.74%, and at P1, the score was 87.18%, a per cent change of 2.87%. Two children (Hem2 and Dip3) demonstrated improvements in their GMFM scores of 11.76% and 11.11% respectively. One child (Dip2) showed an improvement in the score on the GMFM from baseline of 87.18% to posttest score of 89.74% of the total for Dimension D, an increase of 2.94%.
Discussion
The purpose of this research was to examine the effect of massed practice, using a moving platform to create balance threats, on recovery of stability in school age children with CP. We hypothesized that the amount of time required to recover stability (time to stabilization) following a balance threat and the mean area of center of pressure movement per second during balance recovery would be reduced in these children as a result of training and that these improvements in reactive balance control would be maintained at 1 month following the end of training.
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Results of the study supported our hypotheses. We found significant improvements in both time to stabilization of balance and in the mean area of center of pressure movement per second during balance recovery. In addition, this improvement was maintained for 1 month following the end of training for most of the children. A functional relation was established between the massed practice in balance recovery and our dependent variables, time to stabilization, and center of pressure mean area of movement during recovery. According to single-subject design principles analysis, the experimental criterion was achieved by demonstrating six performance shifts at three points in time related to the intervention.
All six children showed a convincing improvement in mean performance level in response to the massed practice in reactive balance control as measured by time to stabilization and mean center of pressure area per second during stabilization. Five of the six children were available for 1-month testing, and all had maintained improvements in time to stabilization and center of pressure area. Hierarchical linear modeling analysis provided statistical confirmation of the significant decrease in time to stabilization and mean center of pressure area. In addition, it was demonstrated that there was no change occurring in these variables during the baseline before intervention. A repeated measures ANOVA provided further confirmation that the changes in time to stabilization and mean center of pressure area were significant.
The changes we found in efficiency of reactive balance control, as measured by time to stabilization and mean center of pressure displacement, were supported by improvements on Dimension D of the GMFM (Russell 1993 (Russell , 1997 in three of the five children. This subtest measures steady state and/or proactive balance control in standing. Currently there are no tests within the GMFM that measure reactive balance control and, therefore, this could not be measured directly in a functional test of balance control.
Data support two major findings in these school-age children with CP. First, they suggest that postural control mechanisms in school-age children (7 to 13 years) with CP could be modifiable. Second, they indicate that these modifications are maintained at least 1 month following the completion of the training protocol.
Results also suggest that two different patterns of change occurred in the sway area data during the training phase and that these patterns of change were associated with the level of the child's disability. The two children with spastic hemiplegia (both rated level I on the GMFCS-CP) showed a rapid reduction in sway area during training, while those with spastic diplegia (rated level II on the GMFCS-CP) showed a gradual improvement in this variable across training.
The emergence of these two distinct patterns raises the question as to what differences in neurological function between children with spastic hemiplegia and diplegia create the different patterns of training. One might hypothesize that it is the difference in level of involvement that influences the ability of the children with the spastic hemiplegia to respond quickly to training compared with the children with diplegia. When examining the performance level of the children with spastic diplegia and hemiplegia, however, one notes that their baseline and post-training time to stabilization and area of center of pressure during balance recovery are similar. An alternative hypothesis for the differing patterns of change in response to training may lie in the differing levels of sensory motor function in the children with hemiplegia in comparison to the children with spastic diplegia. Research by Gordon and Duff (1999) showed a similar effect in a study on anticipatory control of grip and lift forces in children with spastic hemiplegia. They found that sensory information from the noninvolved hand could transfer to improved anticipatory scaling of forces by the contralateral involved hand in subsequent trials. This result must be viewed with caution, however, as the two distinct patterns for recovery were not present in the time to stabilization measure.
Changes in scores on Dimension D of the GMFM were not as robust as those for the platform parameters. All of the children in this study, children with hemiplegia and spastic diplegia, scored at approximately 70% or higher on this one dimension (D). The children with diplegia had small improvements of 5.7 to 11.11%. In addition, both children with hemiplegia scored at 97.4% at follow-up testing. This was an improvement of 11.76% for the second child (Hem2) and no change for the first child (Hem1). Thus there may have been a ceiling effect for the second child with hemiplegia as the original scores were 97.4%.
A study by Trahan and Malouin (1999) found that over a period of 8 months and three administrations of the GMFM (baseline, 4, and 8 months from baseline), the GMFM provided information on changes in the gross motor performance of children with different types of CP. They reported that the children scoring the lowest per dimension at baseline (<65%) made the most significant improvements over the two follow-up tests. These were the children with spastic diplegia and quadriplegia demonstrating improvements of approximately 10% for dimensions D. The children with the highest scores at baseline (>95%) showed improvements at follow-up of 5 to 7% for dimension C, D, and E (<1% on dimensions A and B). These were the children with spastic hemiplegia. In their study, the children with diplegia had the highest total score gains of 7%, children with quadriplegia showed gains of 6.2%, while the children with hemiplegia had lower gains of 4.2%. However, Russell and coworkers (1993) reported that the largest changes occurred in the children with hemiplegia (6.3%), followed by children with diplegia (4%), and children with quadriplegia (2.1%). The findings from the current center of pressure study concur with Trahan and Malouin (1999) , in that the children's baseline scores were above 70% and the gains were relatively small and for the one dimension. Given that the largest changes reported above by Russell and colleagues (1993) and Trahan and Malouin (1999) were over periods of 6 and 8 months respectively, the changes demonstrated by the children in the current training study over a period of 1 week were substantial.
Results of this study have important clinical implications. The most obvious is that the ability to recover stability following perturbations is modifiable in school-age children with CP. For therapists working with children with these diagnoses and this age range the indication would be that continued practice in balance recovery and stability can help children to make changes in the their ability to maintain and recover balance. This is an important finding for children in the upper elementary/middle school ages as this is a time when therapy services may be reduced or eliminated. The results of this study support continued therapy opportunities for children with CP. Children who are typically developing may have attained adult type patterns of balance and stability by the age of 7 to 10 years (Shumway-Cook and Woollacott 1985) . Children with CP, however, are delayed in this attainment and, according to our findings, are still able to make modifications even into the pre-teen years.
Specificity of training in our study and, therefore, the small but noteworthy degree of carry over we saw in terms of functional mobility also has implications for therapists working with this population of children. This may mean that a wide range of challenging posture and balance work may be necessary to facilitate functional changes for the children, including training in reactive balance control at high intensities.
Differences in the pattern of response to training in the children with spastic diplegia versus hemiplegia also indicates possible differences in training requirements for children with the two types of diagnoses. Our findings suggest that children with spastic diplegia may need prolonged training in reactive balance control to show similar improvements to those with spastic hemiplegia.
Strengths of this research include the fact that the study was designed to include provisions to strengthen the internal validity. The replicated multiple baseline design provided check points for onset of changes compared with the delivery of the intervention such that the effect or influence of other extraneous factors could be ruled out. This study paired children with similar diagnoses to begin baseline data collection together but spread out the training protocol such that when one child finished training, the second child started. Therefore, any changes seen during training can be attributed to the training as opposed to other outside factors that may have occurred during that week. Dramatic intervention effects were demonstrated in terms of both magnitude (mean and level) and rate of change (latency).
A limitation often given of single-subject research is the small number of participants in the study (n=6). Single-subject research attempts to offset the small numbers by building in protection from outside influences such as using replicated multiple baselines, as well as matching the pairs of children by diagnosis and as closely in age as possible. Despite these measures, a limitation of this study remains the small number of participants, making results preliminary in nature. A second limitation in the study involves the lack of control of children's activity outside of training sessions. Families were not asked to alter their school, family, or therapy schedules during the study. Therefore, the extent of the balance or posture control work done during therapy sessions was not known. However, due to the specificity of the platform training it is doubtful that outside practice would have resulted in improved performance on the platform.
The type of training performed in this study was quite specific to postural control underlying recovery from an external threat to stability, thus the extent to which results from this study generalize to other forms of balance training in children with CP is unknown.
In conclusion, one question addressed by this study was whether school-age children with CP can alter their postural control systems in response to intense reactive balance training. Evidence from this study suggests that postural control in school-age children is modifiable, and does improve in response to intense balance training using a moveable force platform. It is not clear whether these findings extend to more traditional forms of therapy targeting balance control in this population of children. More research is necessary to determine the type and frequency of intervention needed to impact postural control in school-age children with CP. 
